S U M M A R Y Aging and diabetes are associated with exacerbated expression of adhesion molecules. Given their importance in endothelial dysfunction and their possible involvement in the alteration of glomerular permeability occurring in diabetes, we have evaluated expression of the sialomucin-type adhesion molecule CD34 in renal glomerular cells of normal and diabetic animals at two different ages by colloidal gold immunocytochemistry and immunoblotting. CD34 labeling was mostly assigned to the plasma membranes of glomerular endothelium and mesangial processes. Podocyte membranes were also labeled, but to a lesser degree. Short-and long-term diabetes triggers a substantial increase in immunogold labeling for CD34 in renal tissues compared with young normoglycemic animals. However, the level of labeling in old diabetic and healthy control rats is similar, suggesting that the effect of diabetes and aging on CD34 expression is similar but not synergistic. Western blotting of isolated glomerular fractions corroborated immunocytochemical results. Increased expression of CD34 may reflect its involvement in the pathogenesis of glomerular alterations related to age and diabetes. Alterations present in early diabetes, resembling those occurring with age, strengthen the concept that diabetes is an accelerated form of aging. (J Histochem Cytochem 56:605-614, 2008) 
S U M M A R Y Aging and diabetes are associated with exacerbated expression of adhesion molecules. Given their importance in endothelial dysfunction and their possible involvement in the alteration of glomerular permeability occurring in diabetes, we have evaluated expression of the sialomucin-type adhesion molecule CD34 in renal glomerular cells of normal and diabetic animals at two different ages by colloidal gold immunocytochemistry and immunoblotting. CD34 labeling was mostly assigned to the plasma membranes of glomerular endothelium and mesangial processes. Podocyte membranes were also labeled, but to a lesser degree. Short-and long-term diabetes triggers a substantial increase in immunogold labeling for CD34 in renal tissues compared with young normoglycemic animals. However, the level of labeling in old diabetic and healthy control rats is similar, suggesting that the effect of diabetes and aging on CD34 expression is similar but not synergistic. Western blotting of isolated glomerular fractions corroborated immunocytochemical results. Increased expression of CD34 may reflect its involvement in the pathogenesis of glomerular alterations related to age and diabetes. Alterations present in early diabetes, resembling those occurring with age, strengthen the concept that diabetes is an accelerated form of aging. (J Histochem Cytochem 56:605-614, 2008) K E Y W O R D S CD34 aging diabetes glomerular wall immunocytochemistry sialomucin adhesion molecule CD34 IS A SIALOMUCIN-TYPE glycophosphoprotein (Simmons et al. 1992; Krause et al. 1996) characterized for having an extracellular domain of 258 residues, a transmembrane domain of 23 residues, and a cytoplasmic domain of 73 residues. It contains two serine sites for protein kinase C phosphorylation and a potential tyrosine kinase phosphorylation site in the cytoplasmic portion (Simmons et al. 1992) . CD34 is also found in a truncated form with only 16 residues in the cytoplasmic domain (Nakamura et al. 1993; Fackler et al. 1995; Krause et al. 1996) .
CD34 was identified as a surface membrane molecule of the immature normal human hematopoietic progenitors and leukemic cells (Civin et al. 1984 ) and described as a surface marker in a variety of endothelial beds (Fina et al. 1990; Pusztaszeri et al. 2006 ).
CD34 has potentially important roles in blood vessel formation in both embryos and adults (Ito et al. 1995; Lin et al. 1995; Wood et al. 1997) and has been involved in the proliferation and/or maintenance of hematopoietic progenitor cells (Cheng et al. 1986 ). It is involved in cell adhesion processes in hematopoietic (Hu and Chien 1998) and endothelial cells (Fina et al. 1990) where, as a ligand of L-selectin, it has been proposed to mediate leukocyte trafficking (Baumheter et al. 2003 ). In addition, as a potential regulator of hematopoietic cell differentiation (Fackler et al. 1995) , CD34 seems to act as a signaling molecule, interacting with the hematopoietic CrkL, which is an adaptor protein implicated in multiple signal transduction pathways (Felschow et al. 2001) .
CD34, as well as other endothelial cell markers, appears to be modulated under pathological conditions (Pusztaszeri et al. 2006 ) and with age (Muller et al. 2002) . Being an adhesion molecule and likely a signaling molecule, CD34 as other sialomucins (Kerjaschki et al. 1984; Letarte et al. 2005; Ballermann 2007 ) must play significant roles in the maintenance of glomerular function and in its alterations occurring with hyperglycemia and aging.
Aiming for a better understanding of the role of cell surface molecules in the regulation of the renal glomerular structure and function, we have studied the expression and distribution of CD34 in the normal glomerulus and during short-and long-term hyperglycemia. Several previous studies from this laboratory have already demonstrated changes in expression and distribution of glomerular membrane proteins and adhesion molecules during diabetes as well as during the aging process Bendayan 1997,1999; Yoon et al. 2001; Boucher et al. 2006) , concurring with alterations of the glomerular basement membrane (GBM) composition and permselectivity.
Materials and Methods

Animals
One-month-old male Sprague Dawley rats weighing 100 g were obtained from Charles River Co. (St-Constant, Quebec, Canada) . Animals were handled following the guidelines of the Canadian Council of Animal Care, kept in individual cages under a 12:12 hr light/ dark cycle, and fed Standard Purina chow ad libitum. Experimental protocols were approved by the institutional "Comite´de déontologie de l'expe´rimentation sur les animaux de l'Universite´de Montre´al."
Renal tissues from animals hyperglycemic for 3 and 12 months and from age-matched normoglycemic counterparts (three animals per group) were studied. The hyperglycemic state was induced by an IP streptozotocin injection (50-70 mg/kg body weight, in citrate buffer 10 mmol/liter, pH 4.5). Hyperglycemic state developed within 48 hr and was maintained during the lifetime of the animals. No insulin was administered to the animals. Glycosuria was evaluated using Uriscan test strips (YD Diagnostics, VWR; Montreal, Canada), and glycemia was evaluated with the AccuSoft Monitoring System (Roche Diagnostics; Laval, Canada). At the end of the study, glycemia averaged 4.3 6 0.5 and 8.5 6 0.7 mmol/liter for young and old control animals, respectively, and 21.2 6 0.9 and 33.9 6 4.0 mmol/liter for young and old diabetic animals, respectively. Body weight values averaged 157 6 20 g and 295 6 35 g for 3-month diabetic animals and their age-matched controls, respectively, and 370 6 28 g and 750 6 50 g for 12-month diabetic animals and age-matched counterparts, respectively. At the time of sacrifice, samples of sera and urine were collected and kept frozen at 220C.
Antibody
A mouse monoclonal antibody that recognizes the rat variant of CD34 was raised using a purified preparation of the luminal aspect of the rat lung endothelial plasma membrane (Ghitescu et al. 1999 ). This antibody, identified as 30B3 (IgG2 subtype), decorates the surface of a large number of micro-and macrovascular endothelial cells in light and electron microscopy, suggesting that the antigen recognized is probably panendothelial. In addition to endothelium, only fibroblast membranes were found to be labeled in situ by this antibody. Western blotting of the purified rat lung endothelial plasmalemma with the 30B3 antibody revealed a single 85-kDa polypeptide purified by a sequence of chromatography steps all performed in batch at 4C, as briefly described below. Rat lungs (Sprague Dawley, 125 g body weight) perfused in situ with cold PBS were homogenized at high speed (Potter Elvehjem; Cole Palmer, Montreal, QC, Canada) in 50 mM Na carbonate buffer, pH 11.0, containing 5 mM benzamidine and 1 mM phenylmethyl sulfonyl fluoride as protease inhibitors. A crude membrane fraction deprived of cytosol and most membrane peripheral proteins was obtained by centrifugation at 10,000 3 g for 30 min and solubilized afterwards in 10 mM HEPES buffer, pH 7.2, containing 1% Triton X-100. The material was centrifuged to remove any particulate fractions, filtered through a 0.45-mm nitrocellulose filter, and diluted with 10 mM HEPES buffer to 0.1% Triton, final concentration (HEPES/TX-100 buffer) before being incubated with DEAE Sephacel (Sigma-Aldrich; Oakville, ON, Canada) equilibrated in the same buffer. Elution of the adsorbed proteins was performed in a gradient ranging in 100-mM steps from 0 to 1 M NaCl in HEPES/ TX-100 buffer. The fraction containing the antigen recognized by the 30B3 antibody was identified as being eluted at 500 mM NaCl by immunoblotting all fractions at uniform protein load. This material was subsequently submitted to a lectin affinity chromatography step by incubating it with Concanavalin A-Sepharose (Sigma-Aldrich) equilibrated in HEPES/TX-100 buffer containing 1 mm each of MgCl 2 and CaCl 2 . The lectin-Sepharose substrate was previously stabilized with glutaraldehyde to prevent leak of the Concanavalin subunits (Scher et al. 1989 ). The elution was performed in the same HEPES/ TX-100 buffer without cations but supplemented with 400 mM methyl a-D-mannopyranoside. For the final immunoaffinity purification step, the 30B3 antibody was immobilized with dimethyl pimelimidate (Gerstern and Marchalonis 1978) on 1-ml protein G-Sepharose beads (GammaBind G Sepharose; Amersham Bioscience, Baie d'Urfe´, QC, Canada) and incubated for 12 hr with the fraction issued from the lectin chromatography step. Adsorbed proteins were eluted in 300 ml of 0.1 M HCl-glycine buffer, pH 2.7, containing 0.1% Triton X-100 and then supplemented with 100 ml concentrated Laemmli buffer (4X) and resolved by SDS-PAGE. The antigen recognized by the 30B3 antibody is not stained by the regular Coomassie or Ag gel-staining protocols; only Stains-all known to impart a blue color to the highly sialylated proteins (Goldberg and Warner 1997) is able to locate it in the gel. This band was cut and submitted to LC-QT of mass spectrometry (MS) analysis after trypsin digestion. Alternatively, part of the gel carrying the eluate of the immunoaffinity column was electrotransferred on a PVDF membrane. A strip of this membrane was used to reveal the position of the antigen by immunoblotting with the 30B3 antibody, and the corresponding region was harvested from the rest of the membrane and submitted to the N-terminal amino acid analysis by Edman degradation performed on a 494-cLc-Procise HS sequencer (Applied Biosystems; Foster City, CA) (Hewick et al. 1981) . Amino acid sequences obtained by MS or N-terminal analysis were used to identify the corresponding protein using the NCBI BLAST system.
Immunofluorescence
Rat renal tissues were fixed overnight in Carnoy's mixture and embedded in paraffin. Five-mm sections were dewaxed and quenched for 1 hr in 1% BSA in PBS containing 0.01% Tween 20 and 1% goat normal serum. After 2 hr incubation with the primary anti-CD34 antibody (diluted 1:20 in the quenching buffer), the sections were washed with PBS and overlaid with a 1:1000 dilution of Cy-3-conjugated goat anti-mouse secondary antibody for 1 hr. Control experiment consisted of removing the primary antibody step from the staining protocol.
Immunocytochemistry
Small pieces of renal cortex were sampled from the anesthetized animals (urethane, 1 g/kg body weight). Samples were immediately fixed by immersion in periodate-lysine-paraformaldehyde solution, dehydrated in graded methanol, and embedded in Lowicryl following protocols described previously (Bendayan 1995) . Labeling was performed using the immunogold technique as previously described (Bendayan 1995) . Briefly, grids carrying the ultrathin tissue sections were incubated on a drop of a saturated solution of sodium metaperiodate for 10 min, washed with distilled water, transferred to a drop of 0.15 M glycine for 10 min, and washed with PBS. Grids were then incubated on a drop of ovalbumin 1% for 5 min and transferred to the diluted anti-CD34 antibody (1:5) for 4 hr at room temperature. Grids were washed with PBS, incubated on a drop of goat anti-mouse IgG-gold complex (5 nm) for 30 min at room temperature, finally washed with PBS and distilled water, dried, and contrasted with uranyl acetate. Specificity of the immunolabelings was evaluated by control experiments, replacing the first antibody step with PBS and performing the immunolabeling with a non-related antibody.
Morphometrical Analysis
Electron micrographs of immunolabeled renal glomeruli were recorded in two regions: the glomerular wall and the mesangial area. For the glomerular wall, we measured the length of the endothelial luminal and abluminal plasma membranes, those of podocyte basal and apical plasma membranes, and then counted the number of gold particles delineating each membrane domain to calculate labeling density. Only transversal sections of the glomerular wall demonstrating the presence of the slit diaphragms between podocytes were selected for the evaluation. For mesangial cells, the plasma membrane at the level of the cell body and that of the mesangial, actin-rich processes were evaluated separately. Measurements were performed blinded by direct planimetry and particle counting, using an image processing system (Videoplan 2; Carl Zeiss, Toronto, Canada). Micrographs (at least 40 per animal, per region, two to three glomeruli per animal) were recorded at 316,900 or 321,000 and worked to a final magnification of 340,600 and 350,400. Results are reported as number of gold particles per mm of membrane (mean values 6 SEM). Statistical comparisons were performed using the Mann-Whitney U test.
Preparation of Glomerular Fractions and Western Blotting
The CD34 molecule was also revealed in isolated glomerular fractions by Western blotting. Animals were anesthetized and kidneys were removed, decapsulated, and cut into small pieces. Renal glomeruli were obtained using the sieving method with 125-, 180-, and 106-mmmesh filters (Spiro 1967; Regoli and Bendayan 1997) . Glomeruli were resuspended in cold Tris-buffered saline (TBS) and centrifuged (500 rpm) four times in a Beckman TJ-6 centrifuge (Beckman-Coulter; Fullerton, CA) at 4C. Isolated glomeruli were resuspended in the lysis buffer [50 mM Tris-HCl (pH 7.4), 150 mM NaCl, 1 mM EDTA, 0.25% deoxycholate, 1 mM sodium orthovanadate, 1% nonidet 40, 2 mg aprotinin/ml, 1 mM PMSF], homogenized, and kept on ice for 1 hr. Finally, homogenates were centrifuged at 2500 3 g for 20 min at 4C to remove non-solubilized material.
Protein concentration was determined by the bicinchoninic acid colorimetric assay. Samples were separated into aliquots and stored at 280C. For Western blotting, the glomerular fraction homogenates, sera, and urines were thawed; boiled for 5 min at 100C in Laemmli buffer; and resolved by SDS-PAGE in 10% acrylamide minigels. Proteins were then transferred to nitrocellulose and blots were quenched with blocking buffer (5% BSA in 0.01% Tween-TBS) for 1 hr and incubated with the anti-CD34 antibody (1:200) overnight at 4C. After several washing steps, blots were incubated with goat anti-mouse IgG tagged with peroxidase. CD34 was finally revealed by the enhanced chemiluminescent kit (Roche Diagnostics). Band intensity was analyzed by densitometry using Scion Image software (Scion Corporation; Frederick, MD). Density of b-actin bands was taken as loading controls.
Results
Specificity of our 30B3 antibody to the rat variant of the CD34 molecule was demonstrated by immunopurification to virtual homogeneity of this antigen. The final product of the isolation protocol contains only one band (Figure 1 ) stained in gel by Stains-all ( Figure 1A) and on PVDF membrane by immunoblotting with the 30B3 antibody ( Figure 1B) . The only contaminants are the faint bands stained in gel by Coomassie identified by MS as being mouse IgG leaked in small amounts from the immunoaffinity column. Both Edman degradation and MS analysis yielded amino acid sequences unambiguously matching the primary structure of rat CD34 (Figure 2) known so far as a conceptual translation of genomic data only (NCBI database, accession #XP-223083). In this structure, the first amino acid of the N-terminal sequence analysis is located at position 37. The search for the presence of a putative signal peptide with the Internet-available SignalP Server 3.0 (Bendtsen et al. 2004) shows that the CD34 precursor contains such an initial peptide and that its cleavage site is situated with highest probability between aa 36 and 37.
At the light microscope level, CD34 immunostaining of rat renal cortex appears to be concentrated in glomeruli, mostly in mesangial areas and endothelial surfaces; the peritubular capillaries were also labeled ( Figure 3) . Control experiments performed by omitting the specific antibody resulted in a total absence of staining (results not shown).
At the electron microscope level, ultrastructural features of the renal corpuscle displayed the different characteristic morphological alterations related to age and hyperglycemic conditions, which correspond to those previously well established (Osterby and Gundersen 1975; Wehner and Petri 1983; Bendayan et al. 1986 ), namely, thickening of the GBM and expansion of the mesangial matrix.
In the tissues of young control animals ( Figure 4A) , immunogold labeling for CD34 shows that this antigen is distributed on both the luminal and abluminal fronts of the fenestrated glomerular endothelium. Labeling is unevenly distributed and en face views of the glomerular loops indicate that CD34 is equally associated with the endothelial fenestrations ( Figure 4A, inset) . Within the endothelial cells, the endoplasmic reticulum, mitochondria, and nuclei are devoid of labeling. GBM shows no labeling. Podocytes show scattered gold particles on their plasma membrane, whereas the cytoplasm and organelles are free of labeling. Tissues from the 3-month diabetic animals exhibited a similar distribution of CD34 but with a consistently higher labeling intensity.
Within the normoglycemic lot, when the glomeruli of old rats were compared with those of young animals, an increased GBM thickness and proliferative mesangium were recorded, and podocytes displayed numerous lysosomes. CD34 labeling dramatically increased along the plasma membranes of endothelial cells, podocytes, and mesangial cells. A similar increase of CD34 labeling was found in tissues of 12-month hyperglycemic animals ( Figures 4B  and 4C ). In this case, the thickened GBM displays a sparse labeling.
In mesangial cells, CD34 is located mainly at the plasma membrane of the cell processes, the mesangial cell body membrane being almost devoid of labeling. Labeling increased in the 12-month diabetic animals ( Figure 4C) .
Gold particles were also present within the podocyte lysosomes ( Figure 5 ). In all cases, only very few gold particles were detected in capillary lumina and urinary space. In control experiments, by omitting the primary antibody or replacing it with a non-related antibody, the labeling was virtually abolished with very few gold particles randomly distributed over the glomerular profile (results not shown).
Morphometrical evaluation of the CD34 presence at the locations described above are shown in Table 1 . In the glomeruli of all animals from all experimental groups, the highest labeling density for CD34 was recorded over the plasma membrane of the mesangial cell processes and the endothelium. Three or 12 months of diabetes, as well as 12 months of life under normoglycemic conditions, all substantially and significantly (p,0.05) increase the amount of CD34 detected at the endothelial, podocyte, and mesangial cell surfaces. Unexpectedly, there were no differences in labeling intensity for CD34 in the glomerular compartments considered between animals belonging to the 12-month diabetic and normoglycemic lots.
Mitochondrial membranes, taken as internal negative control for the specificity of the CD34 labeling, display negligible values in all animal groups (Table 1) . The same holds true for the control experiment where the primary antibody was omitted. In this case, labelings ranged between 0.01 and 0.06 particles/mm of plasma membrane in any of the evaluated glomerular cells.
Semiquantitative detection of CD34 by Western blotting (Figure 6A ) in all glomerular samples revealed a main band at 95 kDa, accompanied by fainter, lower molecular mass bands at 54 and 47 kDa. Analysis of the immunoblots by densitometry ( Figure 6B) revealed an increase in the 95-kDa band with both age and diabetes, matching well the colloidal gold immunocytochemical data, whereas the immunochemical signal for b-actin ( Figure 6A , lower panel) remained constant.
In the serum and urine of young normal and diabetic animals, CD34 is below the threshold of detection by Western blotting but increases above this limit in old rats. It is detected here at only an apparent 54-kDa band ( Figure 6C ), a result that demonstrates that this molecule circulates and is excreted in a truncated form. At equal protein load, significantly higher amounts of CD34 are found in the fluids harvested from old diabetic rats ( Figure 6C ).
Discussion
Cell adhesion molecules (CAMs) are plasma membrane proteins responsible for cell-cell and cell-extracellular matrix interactions that can trigger intracellular signaling cascades (Prozialeck and Edwards 2007) . Inflammatory cytokines induce an enhanced expression of CAMs by endothelial cells. Chronic overexpression of these molecules, considered as a marker of endothelial dysfunction, leads to angiopathies (Hirata et al. 1998; Blü her et al. 2002) . Age, as well as diabetes, has been related to impaired functions of blood vessels (Garlanda and Dejana 1997; Nakagawa 2007) and has been associated with an enhanced expression of cytokines and circulating CAMs (Brandes et al. 2005; Taddei et al. 2006) . However, there is scarce literature concerning the topographic localization and changes in adhesion molecule expression in pathological conditions.
The immunocytochemical approach was used to localize a sialomucin-type CAM with high-resolution CD34 in the various cells of the rat glomerulus and to reveal changes in its expression along with age and diabetes. In the kidney, CD34 was assigned to rat glomeruli as well as to peritubular capillaries by immunofluorescence, as previously reported (Fina et al. 1990; Lin et al. 1995) . On the other hand, at the electron microscope level, immunogold further revealed its presence at the plasma membrane of all glomerular cells including endothelial luminal and abluminal plasma membranes and podocyte basal and apical membranes, as well as the plasma membrane of mesangial processes and cell bodies. Morphometrical analysis of these labelings revealed moderate expression over all the membrane domains in tissues of young normoglycemic animals, although more intensely in endothelial luminal and mesangial membranes.
It has been well established that expression of endothelial cell markers in normal tissues varies among different vascular beds and even among blood capillaries in the same organ (Simionescu et al. 1981; Ghitescu and Robert 2002) . In fact, different levels of CD34 have been reported in endothelial membranes of various tissues (Fina et al. 1990; Lin et al. 1995; Naruse et al. 2000; Pusztaszeri et al. 2006) . In particular, studying human glomerulogenesis, Takano et al. (2007) demonstrated a significant expression of the CD34 protein in glomerular capillary endothelial cells in infants, an expression that gradually decreases to an almost complete loss in the adult (Naruse et al 2000) . This coincides with our results that showed a relatively low expression of CD34 in glomerular cells of young normal animals.
CD34 molecules have been mostly assigned to the endothelial luminal side (Fina et al. 1990; Sauter et al. 1998) . However, along with our results, it was also reported on the abluminal endothelial membrane, particularly for skin lymphatic vessels (Sauter et al. 1998 ). The high resolution afforded by the immunogold allowed us to further demonstrate that CD34 is, in fact, associated with capillary fenestrations, an interesting observation considering the role of these structures in glomerular permeability (Bearer and Orci 1985; Ballermann 2007) . Older animals, as well as diabetic animals, displayed increases in CD34 expression in all glomerular cell plasma membrane domains, which coincides with its increase upon injury and under pathological situations such as wound healing and tumor growth (Schlingemann et al. 1990; Ito et al. 1995) . In glomerulonephritis, increased luminal and abluminal endothelial CD34 expression suggests a relationship with endothelial sprouting and proliferation (Sauter et al. 1998) . Increased glomerular expression of CD34 occurring with age and diabetes, as found in the present study, may reflect a response to cell activation by growth factors and cytokines triggered by hyperglycemia and by the combined pathological factors that affect the aging endothelium (Brandes et al. 2005) .
In what concerns the expression of CD34 by mesangial cells, it is first interesting to notice that the mesangial cell is the glomerular cell displaying the highest levels of CD34. Furthermore, the plasma membrane domain of the mesangial processes is the one carrying the molecule, labeling at the cell body membrane being significantly lower. Mesangial cells have contractile and phagocytic capabilities (Michael et al. 1980 ) and participate in basement membrane and mesangial matrix repair (Cheville et al. 1983 ). Based on studies using the anti-thymocyte-1 (Thy 1.1) nephritis model, it has been proposed that mesangial cells are Figure 5 Old diabetic rat. CD34 immunogold labeling in glomerular podocytes (P). Labeling is present in lysosomes (L). Bar 5 0.5 mm. Values are expressed as number of gold particles per mm (mean 6 SEM). Numbers in parentheses indicate the total membrane length evaluated. Statistically significant differences (p,0.05) are indicated by (*) when compared to the corresponding membrane domain in the 3-month normoglycemic control group and (.) when the reference group is the 3-month diabetic rats (n 5 3 animals/group). No significant differences were found between old control and old diabetic animals.
required for reconstruction of capillary structures (Otani et al. 2006) . Mesangial processes, rich in smooth muscle actin (SMA), have been suggested to play key roles in glomerular remodeling (Ichimura et al. 2006) . The presence of CD34 in these SMA-rich processes concurs with the repairing properties assigned to CD34 and goes along with a possible role of CD34 in repair during glomerular diseases and aging. Furthermore, it has been established that hyperglycemia increases expression of transforming growth factor b1 (TGF-b1), a crucial modulator of mesangial cell proliferation and matrix production (Chen et al. 2003) . Interestingly, TGF-b1 upregulates CD34 in hematopoietic cell lines, preventing cell differentiation (Pierelli et al. 2002) . We could thus hypothesize that, during hyperglycemia, activated TGF-b1 induces proliferative phenotypes in glomerular cells with increased expression of cell surface CD34. The particular increase of CD34 on membranes of mesangial processes and in endothelial cells may be an indicator of cell activation and proliferation. Similarly, overexpression of CD34 in mesangial cells, as occurs in glomerulonephritis, has served as a marker of mesangial activation concurring with the severity of the disease (Naruse et al. 1999; Chebotareva et al. 2002) . Compared with endothelial and mesangial cells, the apical and basal plasma membranes of the glomerular podocyte showed low levels of CD34, which also increased with age and diabetes. The podocyte luminal membrane domain contains other sialomucins of the CD34 family, namely, podocalyxin and endoglin, which have also been assigned to the endothelial and mesangial cell membranes and are considered as important regulators of glomerular structure and function (Kerjaschki et al. 1984; Letarte et al. 2005; Ballermann 2007 ). Thus, CD34 appears to be part of the complex interplay of sialomucins contributing to the maintenance of glomerular function. Along this line, recent studies of Galeano et al. (2007) found that a genetic defect affecting sialic acid biosynthesis causes hematuria, proteinuria, and structural glomerular defects leading to animal death within days after birth.
Finally, a sparse labeling for CD34 is present in the GBM of the 12-month control and diabetic animals. These animals also displayed CD34 in epithelial Figure 6 Western blotting revealing CD34. (A) Glomerular homogenates of control and diabetic young and old animals. A major band of 95 kDa is observed in all samples. A minor band at 47 kDa is also observed in all samples, whereas a minor band at 54 kDa is particularly detected in tissues of young diabetic animals and those of normal and old diabetic animals. Molecular mass markers are indicated. In the lower panel, b-actin bands are shown as loading reference. (B) Densitometric analysis of the 95-kDa band from glomerular samples. Significant increase in intensity (asterisk) is observed for the young diabetic animals with respect to their age-matched controls and for older normoglycemic animals (double asterisk) with respect to young normoglycemic ones. C, control animals; D, diabetic animals; n53. (C) Serum (S) and urine (U) samples of old control and old diabetic animals. A single 54-kDa band is detected in the serum of old control (SC) and diabetic animals (SD), being more intense in the latter (SD). Urine of old control (UC) and old diabetic (UD) animals also show a 54-kDa band, which is very faint in the former and strong in the latter. Molecular mass markers are indicated on the right side of the panel.
podocyte lysosomes which, in these old animals, are quite numerous. The presence of CD34 in the extracellular space and in lysosomes suggests the existence of a soluble form of CD34. This form was also revealed in sera and urine samples of diabetic animals. Fernandez et al. (2000) demonstrated that myeloid cell lines release a soluble form of CD34 into the culture medium. Circulating soluble forms of other CAMs (VCAM, ICAM, E-selectin) have been reported in various pathological conditions (Hirata et al. 1998; Blü her et al. 2002) . These adhesion molecules seem to undergo proteolytic cleavage of their membrane-anchored forms into soluble ones, by either serine, metallo-, or thiol proteases (Bazil and Strominger 1994; Budnik et al. 1996; Reiss et al. 2006) . Our detection of CD34 in the glomerular extracellular matrix, blood, and urine of diabetic rats and old rats indicates the existence of similar processing.
We can thus conclude that CD34 cell surface expression appears to modulate glomerular cell physiology, highlighting the importance of adhesion molecules for the maintenance of glomerular function. Because changes occurring with age are similar to those of short-term diabetes, our results reinforce the previous proposition (Quagliano et al. 1993; Bendayan 1998; Boucher et al. 2006 ) that diabetes accelerates the renal aging process.
